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(57) ABSTRACT

In a satellite radio-controlled wristwatch, a time to be spent
on acquisition and tracking is reduced and also a reception
success probability is increased. A satellite radio-controlled
wristwatch according to the present invention includes: a
satellite radio wave reception unit including an antenna for
receiving a satellite radio wave, a high frequency circuit, and
a decoder circuit; a clock circuit for holding and counting an
internal time; and a controller for controlling timings of at
least: an activation operation of supplying power to the sat-
ellite radio wave reception unit for activation thereof; an
acquisition and tracking operation of acquiring and tracking a
certain satellite radio wave by the satellite radio wave recep-
tion unit; and a time information acquisition operation of
acquiring time information from the satellite radio wave
received by the satellite radio wave reception unit, the con-
troller being configured to: wait for arrival of an activation
time point, which is inversely calculated by subtracting an
acquisition and tracking time period and an activation time
period from a time information receivable time point that is
predicted based on the internal time, and then start the acti-
vation operation; and vary the acquisition and tracking time
period depending on a predetermined condition.

8 Claims, 11 Drawing Sheets
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FIG.3
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FIG.4
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1
SATELLITE RADIO-CONTROLLED
WRISTWATCH

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/JP2013/068907 filed Jul. 10, 2013, claiming
priority based on Japanese Patent Application No. 2012-
155972 filed on Jul. 11, 2012. The contents of each of the
above documents are incorporated herein by reference in their
entirety.

TECHNICAL FIELD

The present invention relates to a satellite radio-controlled
wristwatch.

BACKGROUND ART

There has been proposed a radio-controlled wristwatch
(hereinafter referred to as “satellite radio-controlled wrist-
watch”) configured to receive a radio wave (hereinafter
referred to as “satellite radio wave”) from an artificial satellite
used for a positioning system, such as a Global Positioning
System (GPS) satellite, to thereby adjust time. Such adjust-
ment is possible because positioning signals typified by a
GPS signal contain accurate time information. An ultra-high
frequency wave is used for such a satellite radio wave, and
hence a larger amount of information is sent per hour as
compared to a low frequency wave used for a standard radio
wave, which has been used in the related art for time adjust-
ment on the ground. As a result, the time required for recep-
tion of the time information is considered to be reduced as
compared to the case where the standard radio wave is
received.

In Patent Literature 1, there is disclosed a GPS-equipped
wristwatch corresponding to the satellite radio-controlled
wristwatch.

CITATION LIST
Patent Literature
[Patent Literature 1] JP 2011-43449 A
SUMMARY OF INVENTION
Technical Problem

In order to receive the satellite radio wave that is an ultra-
high frequency wave, operation of a high frequency circuit is
necessary, but this circuit requires an extremely high operat-
ing frequency, which causes large power consumption.
Therefore, in order to suppress the power consumption and
increase the operation duration of the satellite radio-con-
trolled wristwatch, it is desired that the operating time of the
high frequency circuit be set as short as possible. On the other
hand, in order to receive the satellite radio wave that is a weak
radio wave, an operation called acquisition and tracking of the
satellite radio wave is necessary so as to detect a radio wave
with receivable intensity among multiple-transmitted satel-
lite radio waves. As the more time is spent on the acquisition
and tracking, the more reliable reception can be expected. In
view of this, when a sufficient time is spent on the acquisition
and tracking, the reception success probability increases, but
the power consumption increases. On the other hand, when
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2

the time spent on the acquisition and tracking is insufficient,
the reception fails, which requires reception again, eventually
resulting in the increase in power consumption. Further, in
any of the cases, the entire reception time increases, which
gives a user an impression that the reception is slow. Further,
even if an attempt is made to set an optimal value for the time
to be spent on the acquisition and tracking, the wristwatch is
worn and carried on the user’s wrist, and hence the radio wave
environment is variable. Therefore, it is difficult to suppress
the power consumption and reduce the entire reception time
regardless of any determination of the time to be spent on the
acquisition and tracking.

The present invention has been made in view of the above-
mentioned circumferences, and has an object to reduce the
time to be spent on the acquisition and tracking and also
increase the reception success probability in the satellite
radio-controlled wristwatch.

Solution to Problem

The invention disclosed in this application to achieve the
above-mentioned object has various aspects, and the repre-
sentative aspects are outlined as follows.

(1) A satellite radio-controlled wristwatch, including: a
satellite radio wave reception unit including an antenna for
receiving a satellite radio wave, a high frequency circuit, and
a decoder circuit; a clock circuit for holding and counting an
internal time; and a controller for controlling timings of at
least: an activation operation of supplying power to the sat-
ellite radio wave reception unit for activation thereof; an
acquisition and tracking operation of acquiring and tracking a
certain satellite radio wave by the satellite radio wave recep-
tion unit; and a time information acquisition operation of
acquiring time information from the satellite radio wave
received by the satellite radio wave reception unit, the con-
troller being configured to: wait for arrival of an activation
time point, which is inversely calculated by subtracting an
acquisition and tracking time period and an activation time
period from a time information receivable time point that is
predicted based on the internal time, and then start the acti-
vation operation; and vary the acquisition and tracking time
period depending on a predetermined condition.

(2) The satellite radio-controlled wristwatch according to
Item (1), in which the predetermined condition is a condition
relating to one or a plurality of information selected from
whether automatic reception or manual reception is carried
out, a position of a hand, a power supply voltage, whether or
not a power supply is charged, a reception history, whether or
not time is manually adjusted, an attitude of the satellite
radio-controlled wristwatch, movement of the satellite radio-
controlled wristwatch, illuminance around the satellite radio-
controlled wristwatch, and a position of the satellite radio-
controlled wristwatch.

(3) The satellite radio-controlled wristwatch according to
Item (1) or (2), in which the controller selects one of a plu-
rality of predetermined time periods as the acquisition and
tracking time period depending on the predetermined condi-
tion.

(4) The satellite radio-controlled wristwatch according to
Item (3), in which the controller selects, as the acquisition and
tracking time period, any one of a first acquisition and track-
ing time period and a second acquisition and tracking time
period longer than the first acquisition and tracking time
period.

(5) The satellite radio-controlled wristwatch according to
Item (4), further including a reception indication member for
indicating at least that a first reception operation is in progress
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and a second reception operation is in progress, in which the
controller causes the reception indication member to indicate
that the first reception operation is in progress when the first
acquisition and tracking time period is selected as the acqui-
sition and tracking time period, and causes the reception
indication member to indicate that the second reception
operation is in progress when the second acquisition and
tracking time period is selected as the acquisition and track-
ing time period.

(6) The satellite radio-controlled wristwatch according to
Item (4) or (5), in which the controller selects the first acqui-
sition and tracking time period when a user selects manual
reception, a position of a hand is not overlapped with the
antenna in a plan view, a power supply voltage is equal to or
more than a predetermined threshold voltage, and reception
has succeeded in each of a previous predetermined number of
times.

(7) The satellite radio-controlled wristwatch according to
any one of Ttems (1) to (6), further including a positioning unit
for measuring a position of the satellite radio-controlled
wristwatch, or a position information reception unit for
receiving information relating to the position of the satellite
radio-controlled wristwatch from a user, in which the prede-
termined condition includes a condition relating to latitude of
the position of the satellite radio-controlled wristwatch.

(8) The satellite radio-controlled wristwatch according to
Item (7), in which the predetermined condition further
includes a condition relating to an elevation angle of an arti-
ficial satellite, which is predicted based on the position of the
satellite radio-controlled wristwatch.

Advantageous Effects of Invention

According to the aspects of Items (1) to (4) and (6) to (8),
in the satellite radio-controlled wristwatch, the time to be
spent on the acquisition and tracking may be reduced and also
the reception success probability may be increased.

Further, according to the aspect of Item (5), the user may be
notified of whether the satellite radio-controlled wristwatch
carries out an operation placing priority on short-time recep-
tion or an operation placing priority on reception success
probability.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is a plan view illustrating a satellite radio-controlled
wristwatch according to an embodiment of the present inven-
tion.

FIG. 2 is a functional block diagram of the satellite radio-
controlled wristwatch according to the embodiment of the
present invention.

FIG. 3 is a schematic diagram illustrating the structure of
subframes of a signal transmitted from a GPS satellite.

FIG. 4 is a table showing the structure of subframe 1.

FIG. 5A is a time chart illustrating a first reception opera-
tion.

FIG. 5B is a time chart illustrating a second reception
operation.

FIG. 5C is a time chart illustrating a third reception opera-
tion.

FIG. 6A is a time chart illustrating a first re-reception
operation.

FIG. 6B is a time chart illustrating a first re-reception
operation.

FIG. 6C is a time chart illustrating a first re-reception
operation.
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FIG. 7 is a flow chart illustrating an operation relating to
reception of the satellite radio-controlled wristwatch accord-
ing to the embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

FIG.1 is aplan view illustrating a satellite radio-controlled
wristwatch 1 according to an embodiment of the present
invention. As described above, the satellite radio-controlled
wristwatch as used herein refers to one type of radio-con-
trolled wristwatches that are wristwatches having a function
of receiving an external radio wave to adjust the time held
inside the watch to an accurate time, which is configured to
receive a satellite radio wave to adjust the time. Note that, the
satellite radio-controlled wristwatch 1 according to this
embodiment receives a radio wave (L1 wave) from a GPS
satellite as the satellite radio wave.

InFIG. 1, reference numeral 2 denotes an exterior case, and
band attachment portions 3 are provided to be opposed in the
12 o’clock direction and the 6 o’clock direction. Further, a
crown 4a and a push button 45 serving as operating members
are provided on a side surface of the satellite radio-controlled
wristwatch 1 on the 3 o’clock side. Note that, in FIG. 1, the 12
o’clock direction of the satellite radio-controlled wristwatch
1 is anupward direction of FIG. 1, and the 6 o’clock direction
is a downward direction of FIG. 1.

The satellite radio-controlled wristwatch 1 uses a hand
mechanism as illustrated in FIG. 1, in which an hour hand, a
minute hand, and a second hand are coaxially provided, with
the central position of the satellite radio-controlled wrist-
watch 1 as the rotation center. Note that, although the second
hand in this embodiment is coaxial with the hour and minute
hands, the second hand may be replaced with a so-called
chronograph hand and the second hand may be arranged at an
arbitrary position as a secondary hand as exemplified by a
chronograph watch. Then, position indications 5 of symbols
“OK”, “NG”, “QRX”, and “RX” are marked or printed on the
exterior case 2 at appropriate positions outside a watch face 6.
Those characters notify the user of various reception states of
the satellite radio-controlled wristwatch 1 by causing the
second hand to rotate and move to point to any one of those
position indications 5 during or around the reception of the
satellite radio wave by the satellite radio-controlled wrist-
watch 1. Therefore, the secondhand is also a reception indi-
cation member 7 for indicating, to the user, various reception
states of the satellite radio-controlled wristwatch 1. Note that,
the respective position indications 5 herein have the following
meanings. That is, symbols “QRX” and “RX” mean that
reception is in progress, symbol “OK” means that the recep-
tion has succeeded, and symbol “NG” means that the recep-
tion has failed. Note that, in this embodiment, there are two
kinds of indications, “QRX” and “RX”, for indicating that the
reception is in progress because the satellite radio-controlled
wristwatch 1 carries out two kinds of reception operations,
specifically, a first reception operation and a second reception
operation. Symbol “QRX” means that the first reception
operation is in progress, while symbol “QX” means that the
second reception operation is in progress. Details of the first
reception operation and the second reception operation are
described later.

Further, a date window 8 is provided at the 6 o’clock
position of the watch face 6, and date can be visually recog-
nized based on a position of a day dial shown through the date
window 8. Note that, the date window 8 is merely an example
and date display by an appropriate mechanism may be pro-
vided at an appropriate position. For example, in addition to
the date display using the day dial or another rotating disk,
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day-of-week display and various kinds of indication using a
secondary hand may be used. Alternatively, display by an
electronic display device such as a liquid crystal display
device may be used. In any case, the satellite radio-controlled
wristwatch 1 internally holds at least information on the cur-
rent date as well as the current time.

The satellite radio-controlled wristwatch 1 according to
this embodiment further includes a patch antenna serving as a
high frequency receiving antenna on the rear side of the watch
face 6 at a position on the 9 o’clock side. Note that, the form
of the antenna may be determined in accordance with the
radio wave to be received, and an antenna of another form
such as an inverted-F antenna may be used.

FIG. 2 is a functional block diagram of the satellite radio-
controlled wristwatch 1 according to this embodiment. A
satellite radio wave is received by an antenna 10 and con-
verted into a base band signal by a high frequency circuit 11.
After that, various kinds of information contained in the sat-
ellite radio wave is extracted by a decoder circuit 12. The
extracted information is transferred to a controller 13. In this
case, the antenna 10, the high frequency circuit 11, and the
decoder circuit 12 construct a satellite radio wave reception
unit 14 for receiving a satellite radio wave and extracting
information. The satellite radio wave reception unit 14
receives the satellite radio wave that is an ultra-high fre-
quency wave and extracts the information, and hence operates
at a high frequency.

The controller 13 is a microcomputer for controlling the
entire operation of the satellite radio-controlled wristwatch 1,
and includes a clock circuit 15 therein, thereby having a
function of counting the internal time, which is the time held
by the clock circuit 15. The accuracy of the clock circuit 15 is
about £15 seconds per month although varying depending on
the accuracy of a crystal oscillator to be used or the use
environment such as temperature. It should be understood
that the accuracy of the clock circuit 15 can be set arbitrarily
as necessary. Further, the controller 13 appropriately adjusts
the internal time held by the clock circuit 15 as necessary, to
thereby keep the internal time accurate. The controller 13 is
only required to have aresponse speed necessary for respond-
ing to counting and a user’s operation. Therefore, the control-
ler 13 operates at a lower frequency than that of the above-
mentioned satellite radio wave reception unit 14, and hence
its power consumption is small.

The controller 13 inputs a signal from the operating mem-
ber (crown 4a, push button 4b, or the like) so that the opera-
tion by the user can be detected. Further, the controller 13
outputs a signal for driving a motor 16 based on the internal
time, to thereby drive the hands to indicate the time. Further,
necessary indication is given to the user by the reception
indication member 7. Note that, in this embodiment, the
reception indication member 7 is the second hand, but the
present invention is not limited thereto. Another hand or
another member such as a disk may be used. For example, a
dedicated hand for indication of various functions may be
used as the reception indication member. Alternatively, the
respective hands may be independently driven so as to drive a
plurality of hands, for example, the hour hand and the minute
hand in an overlapped manner, thereby using the hands as the
reception indication member. Still alternatively, the motion
speed and the motion mode (intermittent drive, movement of
the second hand at two-second intervals, or the like) of a hand
may differ from those in normal hand motion, to thereby use
the hand as the reception indication member. Further, an
electronic display member such as a liquid crystal display
device may be used as the reception indication member.
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The satellite radio-controlled wristwatch 1 further
includes, as its power supply, a battery 17 that is a secondary
battery such as a lithium-ion battery. The battery 17 accumu-
lates electric power obtained by power generation of a solar
battery 18 arranged on or under the watch face 6 (see FIG. 1).
Then, the battery 17 supplies electric power to the high fre-
quency circuit 11, the decoder circuit 12, and the controller
13.

A power supply circuit 19 monitors an output voltage of the
battery 17. When the output voltage of the battery 17
decreases to be lower than a predetermined threshold, the
power supply circuit 19 turns off a switch 20 to stop the
supply of power to the controller 13. In response thereto, the
supply of power to the clock circuit 15 is also stopped. Thus,
when the switch 20 is turned off, the internal time held by the
clock circuit 15 is lost. Further, when the output voltage of the
battery 17 is recovered due to the power generation of the
solar battery 18 or the like, the power supply circuit 19 turns
on the switch 20 to supply power to the controller 13, to
thereby recover the functions of the satellite radio-controlled
wristwatch 1. Further, a switch 21 is a switch for turning on or
off the supply of power to the high frequency circuit 11 and
the decoder circuit 12, and is controlled by the controller 13.
The high frequency circuit 11 and the decoder circuit 12,
which operate at a high frequency, are large in power con-
sumption, and hence the controller 13 turns on the switch 21
to operate the high frequency circuit 11 and the decoder
circuit 12 only when the radio wave is received from the
satellite, and otherwise turns off the switch 21 to reduce
power consumption.

The satellite radio wave may be received when a request is
issued from a user through operation of the operating member
such as the crown 4a or the push button 45 (hereinafter
referred to as “manual reception”), or when a predetermined
time has come (hereinafter referred to as “regular reception”).
Alternatively, the satellite radio wave may be received based
on an elapsed time from the time at which the previous time
adjustment was made, or based on information representing
the generated energy of the solar battery 18 or other informa-
tion representing an ambient environment of the satellite
radio-controlled wristwatch 1 (hereinafter referred to as
“environmental reception”). Note that, as a term opposed to
“manual reception”, the regular reception and the environ-
mental reception are collectively referred to as “automatic
reception”.

Subsequently, a description is given of a signal from a GPS
satellite received by the satellite radio-controlled wristwatch
1 according to this embodiment. The signal transmitted from
the GPS satellite has a carrier frequency of 1,575.42 MHz
called “L; band”. The signal is encoded by a C/A code spe-
cific to each GPS satellite modulated by binary phase shift
keying (BPSK) at a period of 1.023 MHz, and is multiplexed
by a so-called code division multiple access (CDMA)
method. The C/A code itself has a 1,023-bit length, and mes-
sage data on the signal changes every 20 C/A codes. In other
words, 1-bit information is transmitted as a signal of 20 ms.

The signal transmitted from the GPS satellite is divided
into frames having a unit of 1,500 bits, namely 30 seconds,
and each frame is further divided into five subframes. FIG. 3
is a schematic diagram illustrating the structure of subframes
of the signal transmitted from the GPS satellite. Each sub-
frame is a signal of 6 seconds containing 300-bit information.
The subframes are numbered 1 to 5 in order. The GPS satellite
transmits the subframes sequentially starting from subframe
1. When finishing the transmission of subframe 5, the GPS
satellite returns to the transmission of subframe 1 again, and
repeats the same process thereafter.
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Atthehead of each subframe, a telemetry word represented
by TLM is transmitted. TLM contains a preamble that is a
code indicating the head of each subframe, and information
on a ground control station. Subsequently, a handover word
represented by HOW is transmitted. HOW contains TOW as
information relating to the current time, also called “Z count”.
TOW is a 6-second-unit time counted from 0:00 AM on
Sunday at GPS time, and indicates a time at which the next
subframe is started.

Information following HOW differs depending on the sub-
frame, and subframe 1 includes corrected data of a satellite
clock. FIG. 4 is a table showing the structure of subframe 1.
Subframe 1 includes a week number represented by WN
following HOW. WN is a numerical value indicating a current
week counted by assuming Jan. 6, 1980 as a week 0. Accord-
ingly, by receiving both WN and TOW, accurate day and time
at the GPS time can be obtained. Note that, once the reception
of WN is succeeded, an accurate value can be known through
counting of the internal time unless the satellite radio-con-
trolled wristwatch 1 loses the internal time for some reason,
for example, running out of the battery. Therefore, re-recep-
tion is not always necessary. Note that, as described above,
WN is 10-bit information and hence is returned to 0 again
when 1,024 weeks has elapsed. Further, the signal from the
GPS satellite contains other various kinds of information, but
information not directly relating to the present invention is
merely shown and its description is omitted.

Referring to FIG. 3 again, subframe 2 and subframe 3
contain orbit information on each satellite called “ephemeris”
following HOW, but its description is herein omitted.

In addition, subframes 4 and 5 contain general orbit infor-
mation for all the GPS satellites called “almanac” following
HOW. The information contained in subframes 4 and 5,
which has a large information volume, is transmitted after
being divided into units called “pages”. Then, the data to be
transmitted in each of subframes 4 and 5 is divided into pages
110 25, and contents of the pages that differ depending on the
frames are transmitted in order. Accordingly, 25 frames, that
is, 12.5 minutes is required to transmit the contents of all the
pages.

Note that, as is apparent from the above description, TOW
is contained in all the subframes and can therefore be acquired
at a timing that arrives every 6 seconds. On the other hand,
WN is contained in subframe 1 and can therefore be acquired
at a timing that arrives every 30 seconds.

Subsequently, individual operations executed when the
satellite radio-controlled wristwatch 1 receives a satellite
radio wave are described below with reference to FIGS. 1 and
2. The controller 13 executes a reception operation that is a
series of operations of receiving the satellite radio wave by the
satellite radio-controlled wristwatch 1 while controlling the
timings of those individual operations.

(1) Continuous Operation Detection Operation

A continuous operation detection operation is an operation
of detecting that the operating member has operated continu-
ously for a predetermined operation reception time period. In
the case of this embodiment, when the user carries out a long
press operation of continuously pressing the push button 45
for a predetermined time period (for example, 2 seconds,
hereinafter referred to as “operation reception time period”),
the manual reception is carried out. Continuous operation is
required for the user so as to prevent unintended operation
due to an operation error.

The continuous operation detection operation is carried out
by the controller 13 by detecting that the push button 45 has
been pressed, and then detecting that the pressing has been
continued for a predetermined time period.
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(2) Activation Operation

An activation operation is an operation of turning on the
switch 21 to supply power to the satellite radio wave reception
unit 14 for activation thereof. This operation includes initial-
ization of the high frequency circuit 11 and the decoder circuit
12 or the like, and takes a little time. The time point for ending
the activation operation may be a time point at which a pre-
determined time period (for example, 0.6 seconds) has
elapsed from the turning on of the switch 21 by the controller
13, or a time point at which the controller 13 has received a
signal representing an activation end from the high frequency
circuit 11 and the decoder circuit 12. A time period required
for the activation operation is hereinafter referred to as “acti-
vation time period”.
(3) Acquisition and Tracking Operation

An acquisition and tracking operation is an operation of
acquiring and tracking a certain satellite radio wave by the
satellite radio wave reception unit 14. The term. “acquisition”
herein refers to an operation of extracting one of the signals
multiplexed by CDMA, specifically, an operation of multi-
plying a received signal by a C/A code corresponding to one
signal to extract a correlated signal. When a correlated signal
cannot be obtained by the selected C/A code, a different C/A
code is selected again to repeat the operation. At this time,
when there are a plurality of correlated signals, a signal hav-
ing the highest correlation may be selected. Further, satellite
position information may be used to predict the satellite radio
waves that may be received, to thereby limit the number of
C/A codes to be selected and reduce the time required for the
acquisition operation. Further, the term “tracking” herein
refers to an operation of continuously extracting data by
matching the phase of the carrier wave of the received signal
and the phase of the C/A code contained in the received signal
with the phase of the carrier wave of the selected C/A code
and the phase of the code for decoding. Note that, it can be
said from the meaning of the term “tracking” that the “track-
ing” is carried out while data is extracted from the satellite
radio wave, but the “acquisition and tracking operation”
herein refers to an operation from the start of acquiring the
satellite radio wave to the head of TL.M. This acquisition and
tracking operation at least requires a time period of approxi-
mately 2 seconds, and the reception success probability
increases by spending a longer time. On the other hand, when
along time is spent on the acquisition and tracking operation,
the time required for the entire reception operation increases
to further increase the power consumption. The time period
required for the acquisition and tracking operation is herein-
after referred to as “acquisition and tracking time period”.
(4) Time Information Acquisition Operation

A time information acquisition operation is an operation of
acquiring time information from the satellite radio wave
received by the satellite radio wave reception unit 14. In this
embodiment, an operation of receiving TLM and HOW and
acquiring TOW contained in HOW corresponds to the time
information acquisition operation. This operation requires a
time period for transmitting TLM and HOW, that is, 60 bitsx
20 ms=1.2 seconds. Note that, when the reception of the
parity at the end of HOW is omitted, 47 bitsx20 ms=0.94
seconds are required in the shortest.
(5) Date Information Acquisition Operation

A date information acquisition operation is an operation of
acquiring date information that is information relating to the
date from the satellite radio wave received by the satellite
radio wave reception unit 14. The date information herein
refers to information other than time information (that is,
hour, minute, and second) and is information for specifying
the date on a calendar. In the case of the GPS, WN corre-
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sponds to the date information. In this embodiment, an opera-
tion of receiving WN transmitted after TLM and HOW to
acquire WN corresponds to the date information acquisition
operation. Note that, TOW contained in HOW can be simul-
taneously acquired at this time. Therefore, in this embodi-
ment, the date information acquisition operation also serves
as the time information acquisition operation.
(6) Time Information Transfer Operation

A time information transfer operation is an operation of
transferring the acquired time information from the satellite
radio wave reception unit 14 to the clock circuit 15. As
described above, the operation frequency of'the satellite radio
wave reception unit 14 differs from the operation frequency
of the controller 13, and hence the decoded information can-
not be directly transferred from the satellite radio wave recep-
tion unit 14 to the clock circuit 15. Therefore, the controller
13 once stores the decoded information, and extracts only the
necessary time information or time and date information to
transfer the information to the clock circuit 15 at an appro-
priate timing.
(7) Reception Indication Operation

A reception indication operation is an operation of indicat-
ing that the reception operation is in progress by the reception
indication member 7. In the case of this embodiment, the
reception indication operation includes two kinds of indica-
tions described later, specifically, indication representing that
the first reception operation is in progress (“QRX”) and indi-
cation representing that the second reception operation is in
progress (“RX”).
(8) Reception Result Indication Operation

A reception result indication operation is an operation of
indicating the reception result by the reception indication
member 7. The reception result as used herein refers to any
one of a case where the reception has succeeded and the
internal time is adjusted (corresponding to “OK” indication)
and a case where the reception has failed and the internal time
is not adjusted (corresponding to “NG” indication).
(9) Previous Reception Result Indication Operation

A previous reception result indication operation is an
operation of indicating the previous reception result by the
reception indication member 7. The previous reception result
as used herein refers to anyone of a case where the previous
reception has succeeded and the internal time has been
adjusted (corresponding to “OK” indication) and a case
where the previous reception has failed and the internal time
has not been adjusted (corresponding to “NG” indication).

The controller 13 executes the above-mentioned respective
operations while controlling the timings of the respective
operations depending on the conditions when the user presses
the pushbutton 45b. Incidentally, as described above, a time
information receivable time point that is a timing at which
TOW is receivable (in the case of this embodiment, a timing
at the time point of starting transmission of the subframe, at
which TLM and HOW are received in the time information
acquisition operation) arrives every 6 seconds. Then, if this
time information receivable time point can be predicted, the
acquisition and tracking time period and the activation time
period, which are time periods required for the acquisition
and tracking operation and the activation operation, respec-
tively, and required to be executed before the time informa-
tion acquisition operation, can be subtracted from the pre-
dicted time information receivable time point to obtain a
timing corresponding to an activation time point. By starting
the activation operation at this activation time point, the
operation time of the satellite radio wave reception unit 14 can
be minimized, which contributes to power saving.

10

15

20

25

30

35

40

45

50

55

60

65

10

On the other hand, as described in the “acquisition and
tracking operation” section, the reception success probability
increases when the acquisition and tracking time period is
increased. In view of this, the controller 13 varies the acqui-
sition and tracking time period depending on a predetermined
condition as described below, to thereby balance the recep-
tion success probability and the operation time of the satellite
radio wave reception unit 14. Specifically, the controller 13
prepares a plurality of time periods determined in advance as
the acquisition and tracking time period, and selects one of
the plurality of time periods depending on the predetermined
condition. More specifically, the controller 13 prepares, as the
acquisition and tracking time period, two kinds of time peri-
ods corresponding to a first acquisition and tracking time
period (for example, 2 seconds) and a second acquisition and
tracking time period longer than the first acquisition and
tracking time period (for example, 5 seconds), and selects,
depending on the predetermined condition, the first acquisi-
tion and tracking time period to carry out the first reception
operation or the second acquisition and tracking time period
to carry out the second reception operation. Note that, the
method of varying the acquisition and tracking time period as
described herein is merely an example. The acquisition and
tracking time period may be selected from three or more kinds
of'acquisition and tracking time periods prepared in advance,
or may be continuously varied.

In this embodiment, the controller 13 executes the follow-
ing reception operations depending on the predetermined
condition. Note that, the conditions for executing the respec-
tive reception operations are described later.
<First Reception Operation>

FIG.5A is atime chart illustrating the first reception opera-
tion. In the chart, the horizontal axis represents the elapse of
time. The controller 13 immediately starts the previous recep-
tion result indication operation at a time point A at which the
push button 45 is pressed, and causes the reception indication
member 7 to indicate the previous reception result.

After that, if the pushbutton 45 is pressed continuously for
the operation reception time period, at a time point B at which
the continuous operation detection operation is ended, the
controller 13 selects the first acquisition and tracking time
period as the acquisition and tracking time period, and pre-
dicts a time information receivable time point C, to thereby
inversely calculate an activation time point D by subtracting
the first acquisition and tracking time period and the activa-
tion time period from the time information receivable time
point C. Note that, the time information receivable time point
C arrives every 6 seconds, and hence the time information
receivable time point C is selected so that the activation time
point D arrives after the time point B and is closest to the time
point B. Further, the controller 13 starts the reception indica-
tion operation at the time point B, and causes the reception
indication member 7 to indicate that the reception is in
progress. In this case, the first reception operation using the
first acquisition and tracking time period is carried out, and
hence the second hand serving as the reception indication
member 7 points to “QRX” as the indication representing that
the first reception operation is in progress.

The controller 13 waits for the arrival of the activation time
point D to start the activation operation, and supplies power to
the satellite radio wave reception unit 14. Further, the con-
troller 13 immediately starts the acquisition and tracking
operation at a time point E at which the activation operation is
ended, and starts the time information acquisition operation at
the time information receivable time point C that is a time
point at which the acquisition and tracking operation is ended.
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After that, the controller 13 acquires TOW contained in
HOW, and starts the time information transfer operation at a
time point F. Further, the controller 13 starts the reception
result indication operation at a time point G at which the time
information acquisition operation is ended. When the recep-
tion has succeeded, the controller 13 causes the reception
indication member 7 (in this embodiment, the second hand) to
point to the “OK” position indication 5. Note that, the recep-
tion result indication operation may start at the time point F
without waiting for the transfer of the time information.
<Second Reception Operation>

FIG. 5B is a time chart illustrating the second reception
operation. Also in this chart, the horizontal axis represents the
elapse of time. FIG. 5B illustrates the reception operation of
the case of the manual reception, and hence the continuous
operation detection operation and the previous reception
result indication operation are illustrated. In the case of the
automatic reception, however, those two operations are not
executed, and hence the reception operation is started from
the time point B.

In the second reception operation, the controller 13 selects,
as the acquisition and tracking time period, the second acqui-
sition and tracking time period that is a time period longer
than the first acquisition and tracking time period. Further, in
the second reception operation, during the reception indica-
tion operation, the reception indication member 7 points to
“RX” that is an indication representing that the second recep-
tion operation is in progress. Other points are all the same as
those in the first reception operation. Therefore, the time
required for execution of the entire second reception opera-
tion becomes longer and the power consumption also
increases than the case of the first reception operation, but the
reception success probability is higher than that of the first
reception operation.

Note that, when the reception indication member 7 indi-
cates that the reception operation is in progress, it is not
always necessary to clarify whether the first reception opera-
tion or the second reception operation is in progress, but in
this embodiment, the user can know that the satellite radio-
controlled wristwatch 1 is trying to receive the time informa-
tion particularly at high speed when the reception indication
member 7 points to “QRX” representing that the first recep-
tion operation is in progress.
<Third Reception Operation>

A third reception operation is executed when acquisition of
WN is necessary. The acquisition of WN may be executed
when the clock circuit 15 stops due to the decrease of a power
supply voltage of the satellite radio-controlled wristwatch 1,
or when a predetermined period (for example, 1 month) has
elapsed from the previous WN reception.

FIG. 5C is a time chart illustrating the third reception
operation. Also in this chart, the horizontal axis represents the
elapse of time. The operations in the third reception operation
are similar to those in the second reception operation
described above. The point that, in the case of the automatic
reception, the continuous operation detection operation and
the previous reception result indication operation illustrated
in FIG. 5C are not executed, and the operation starts from the
time point B is also the same.

Also in the third reception operation, the controller 13
selects, as the acquisition and tracking time period, the sec-
ond acquisition and tracking time period. Therefore, in view
of the point that the second acquisition and tracking time
period is selected, the third reception operation can be said to
be a variation of the second reception operation. Other points
are all the same as those of the second reception operation
until the time information receivable time point C arrives.
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The controller 13 starts the date information acquisition
operation from the time information receivable time point C
to acquire TOW contained in HOW and WN. Note that, as the
time information receivable time point C at this time, a time
point at which WN can be received, that is, a time point of
starting transmission of subframe 1 is selected. After that, the
time information transfer operation is started at a time point H
at which the WN acquisition is ended, and a reception result
indication movement operation is carried out at the time point
G at which the transfer of the time information is ended. Note
that, similarly to the first reception operation and the second
reception operation, the reception result indication operation
may be started at the time point H.

Also in the third reception operation, the second acquisi-
tion and tracking time period is selected. Therefore, the time
required for execution of the entire reception operation
becomes longer and the power consumption also increases
than the case of the first reception operation, but the reception
success probability is higher than that of the first reception
operation.

By the way, the time charts of the first to third reception
operations in FIGS. 5A to 5C illustrate the case where the
acquisition of the time information or the date information
has succeeded in the time information acquisition operation
or the date information acquisition operation. In regard to this
point, when the acquisition of the time information or the date
information has failed during the time information acquisi-
tion operation or the date information acquisition operation,
the controller 13 of the satellite radio-controlled wristwatch 1
of this embodiment carries out control to attempt the acqui-
sition again.

Several operations are conceivable as a reception operation
executed by the controller 13 when the acquisition of the time
information has failed (hereinafter this operation is referred
to as “re-reception operation”), and any one of those opera-
tions may be adopted. FIGS. 6A to 6C are time charts each
illustrating the reception operation executed when the acqui-
sition of the time information during the time information
acquisition operation has failed in the first reception opera-
tion. Note that, similar control is carried out also in the second
reception operation and the third reception operation, and
hence illustration and redundant description of the time charts
representing the reception operations executed when the
acquisition of the time information or the date information
has failed during those reception operations are omitted. Note
that, when the re-reception operation as described herein is
executed in a case where the acquisition of the time informa-
tion has failed in the first reception operation described above,
the indication pointed by the reception indication member 7
may be changed from “QRX” to “RX”. This is because the
reception takes time in the case of the re-reception operation,
and hence the increase of the reception speed felt by the user
has already been lost.

FIG. 6A is a time chart illustrating a first re-reception
operation. In the first re-reception operation, because the
acquisition of the time information has failed at the time point
F at which the first time information acquisition operation is
ended, the controller 13 continuously supplies power to the
satellite radio wave reception unit 14, and continues the
acquisition and tracking operation until next time information
receivable time point C'. Then, the second time information
acquisition operation is started from the time information
receivable time point C'. If the time information is accurately
obtained, the time information is transferred through the time
information transfer operation started from a time point F' at
which the second time information acquisition operation is
ended, and after that, at atime point G, the reception result (in
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this case, the “OK” indication) is indicated by the reception
indication member 7 through the reception result indication
operation. If the acquisition of the time information is failed
even with the second time information acquisition operation,
the reception result indication operation is started from the
time point F', and the reception result (in this case, the “NG”
indication) is indicated by the reception indication member 7.
Then, the series of reception operations is ended. This first
re-reception operation is continued without losing the result
obtained by the first acquisition and tracking operation, and
hence the reception success probability is high. On the other
hand, the power consumption is large because the satellite
radio wave reception unit 14 is operated for a long period of
time.

FIG. 6B is a time chart illustrating a second re-reception
operation. In the second re-reception operation, after the
acquisition of the time information has failed at the time point
F at which the first time information acquisition operation is
ended, the controller 13 stops the supply of power to the
satellite radio wave reception unit 14 to once end the opera-
tion of the satellite radio wave reception unit 14. Then, the
re-activation operation is started from an activation time point
D' inversely calculated from the next time information receiv-
able time point C, in this case, from a time point obtained by
subtracting the first acquisition and tracking time period and
the activation time period from the next time information
receivable time point C', followed by the subsequent acqui-
sition and tracking operation. The second time information
acquisition operation is started from the time information
receivable time point C'. The subsequent operations are the
same as those in the first re-reception operation. In the second
re-reception operation, the satellite radio wave reception unit
14 is not operated longer than necessary, and hence the power
consumption is smaller than that in the case of the first re-
reception operation, but the result obtained by the first acqui-
sition and tracking operation is lost. Note that, the acquisition
and tracking time period in the second re-reception operation
is not limited to the first acquisition and tracking time period
adopted here. The second acquisition and tracking time
period may by adopted considering the margin of the power
supply voltage and the certainty of the reception in the re-
reception operation, or a third acquisition and tracking time
period that is longer than the first acquisition and tracking
time period but shorter than the second acquisition and track-
ing time period may be used. The third acquisition and track-
ing time period may be variable depending on arbitrary con-
ditions such as the margin of the power supply voltage and the
reception intensity of the satellite radio wave in the first time
information acquisition operation.

FIG. 6C is a time chart illustrating a third re-reception
operation. In the third re-reception operation, after the acqui-
sition of the time information has failed at the time point F at
which the first time information acquisition operation is
ended, the controller 13 continues the supply of power to the
satellite radio wave reception unit 14, but stops the operation
of the decoder circuit 12. Then, the operation of the decoder
circuit 12 is restarted from an arbitrary time point I that is
inversely calculated from the next time information receiv-
able time point C', to thereby carry out the acquisition and
tracking operation. The second time information acquisition
operation is started from the time information receivable time
point C'. The operations thereafter are similar to those in the
first re-reception operation. This third re-reception operation
is an intermediate re-reception operation between the first
re-reception operation and the second re-reception operation.
The power consumption is more suppressed than that in the
first re-reception operation, and the result obtained by the first
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acquisition and tracking operation is not lost. The acquisition
and tracking time period for the second acquisition and track-
ing operation may be set to, for example, the first acquisition
and tracking time period, but because the result obtained by
the first acquisition and tracking operation can be used, the
time period may be shortened. Note that, when the third
re-reception operation is adopted, the supply of power from
the battery 17 to the high frequency circuit 11 and the decoder
circuit 12 is not as illustrated in FIG. 2, and the controller 13
can control whether or not to supply power independently.

FIG. 7 is a flow chart illustrating an operation relating to
reception of the satellite radio-controlled wristwatch 1 of this
embodiment. This flow chart broadly has the following mean-
ing. Through determination based on the environment in
which the satellite radio-controlled wristwatch 1 is placed,
when the reception success probability is high and the prob-
ability that the re-reception operation is required and the
power consumption increases is low, and in addition, when
there is no particular reason to require reception success, the
first reception operation is selected to reduce the reception
time period, and otherwise the second reception operation (or
the third reception operation) is selected to put priority on
reception certainty.

The controller 13 first determines whether or not the recep-
tion of WN is necessary (Step ST1). When the reception of
WN is necessary, the above-mentioned third reception opera-
tion is selected, and along therewith, the second acquisition
and tracking time period is selected as the acquisition and
tracking time period.

When the reception of WN is unnecessary, in subsequent
Steps ST2 to ST8, the controller 13 selects any one of the first
reception operation and the second reception operation based
on various conditions relating to, for example, whether the
automatic reception or the manual reception is carried out, the
position of the hand, the power supply voltage, whether or not
the power supply is charged, the reception history, whether or
not the clock is manually adjusted, the attitude of the satellite
radio-controlled wristwatch, the movement of the satellite
radio-controlled wristwatch, the illuminance around the sat-
ellite radio-controlled wristwatch, and the position of the
satellite radio-controlled wristwatch.

First, in Step ST2, determination is made based on whether
the automatic reception or the manual reception is carried out.
In this case, when the manual reception is not carried out
(=automatic reception is carried out), the second reception
operation is selected.

In Step ST3, determination is made based on the position of
the hand. In this case, when the hands (such as the hour and
minute hands) are located at positions at which the hands
affect the reception performance, such as positions overlap-
ping with the antenna 10 in plan view, the second reception
operation is selected.

In Step ST4, determination is made based on the power
supply voltage. In this case, when the remaining amount of
the battery 17 is not equal to or more than a predetermined
value, the second reception operation is selected.

In Steps ST5 to ST8, determination is made based on the
reception history. In this case, when the reception by the
reception operation in the latest attempt is not continuously
succeeded a predetermined number of times (specifically,
three times) or more, the second reception operation is
selected. That is, in Step ST5, whether or not the previous
reception has failed is determined, and when the reception has
failed, the counter is reset to 0 in Step ST6, and the second
reception operation is selected. When the previous reception
has succeeded, 1 is added to the counter in Step ST7. Further,
in Step ST8, when the counter is not equal to or more than 3,
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the second reception operation is selected. Note that, the
previous reception as used herein may include the entire
reception operation, or may mean only the reception by the
first reception operation.

When the second reception operation is not selected up to
here, the first reception operation is selected.

Note that, the conditions for the controller 13 to determine
whether to select the first reception operation or the second
reception operation are not limited to those described above.
The conditions may be appropriately changed depending on
the assumed specifications and use environment of the satel-
lite radio-controlled wristwatch 1, the user base, or the like.
Further, the user may select the conditions by himself/herself.

For example, the following conditions may be adopted in
addition to the conditions given in FIG. 7. As a condition
relating to the power supply voltage, whether or not the sup-
ply of power to the controller 13 is stopped due to the reduc-
tion in the power supply voltage may be adopted. Alterna-
tively, as a condition relating to whether or not the power
supply is charged, for example, whether or not the charging is
carried out by the solar battery 18 or other methods may be
adopted. Further, as a condition relating to the reception his-
tory, a condition relating to the index (such as a C/N ratio)
representing the reception intensity of the satellite radio wave
during previous reception or a condition relating to a Doppler
frequency may be adopted, or a case where the reception
history is deleted with the reset operation by the user on the
satellite radio-controlled wristwatch 1 may be determined.
Further, whether or not the time is manually adjusted may be
adopted as the condition.

Further, an acceleration sensor or an angular velocity sen-
sor may be mounted on the satellite radio-controlled wrist-
watch 1, and the attitude of the satellite radio-controlled
wristwatch 1 or whether or not the satellite radio-controlled
wristwatch 1 is moving may be adopted as the condition. This
is because the satellite radio wave that is an ultra-high fre-
quency wave has high straight traveling property, and hence it
is predicted that the reception tends to succeed when the
reception surface of the antenna of the satellite radio-con-
trolled wristwatch 1 is directed vertically upward, and further
the reception is susceptible to interference with an obstacle
during movement. Similarly, an illuminance sensor may be
mounted on the satellite radio-controlled wristwatch 1, and it
may be determined that the reception tends to succeed when
the illuminance around the satellite radio-controlled wrist-
watch 1 is high. This is because it is easier to receive the
satellite radio wave when the satellite radio-controlled wrist-
watch 1 is located at a bright place such as outdoors in the
daytime. Note that, instead of this illuminance sensor, the
illuminance around the satellite radio-controlled wristwatch
1 may be evaluated based on the voltage generated by the
solar battery 18.

Further, a condition relating to the position of the satellite
radio-controlled wristwatch 1 may be used. As the condition
relating to the position of the satellite radio-controlled wrist-
watch 1, the use of latitude is effective when a GPS satellite is
utilized. This point is described. In the case of receiving the
satellite radio wave from the artificial satellite, more advan-
tageous reception is possible as the artificial satellite that is a
source of the satellite radio wave has a larger elevation angle,
that is, as the position of the artificial satellite is closer to the
vertex, as viewed from the reception position, that is, the
position of the satellite radio-controlled wristwatch 1. This is
because, when the elevation angle of the artificial satellite is
small, the satellite radio wave is blocked by the buildings and
geography therearound, and further the distance between the
reception position and the artificial satellite increases, which
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is considered to cause reduction in radio wave intensity.
Therefore, a position capable of viewing a larger number of
artificial satellites at a large elevation angle is advantageous in
reception. In contrast, if a plurality of artificial satellites are
arranged uniformly on the surface of the celestial sphere,
there is no difference in advantage or disadvantage in recep-
tion at any of the positions on the ground, but the orbits of the
GPS satellites are not uniform on the surface of the celestial
sphere. This is because the orbits of the GPS satellites are
selected so as to avoid positions above bipolar positions on
the earth. Therefore, in a low-latitude area, there is a high
possibility that the GPS satellite exists at a position with a
large elevation angle, while the opposite is true in a high-
latitude area. Therefore, in view of the example of this
embodiment, for example, such a condition that the second
reception operation is selected when the position of the sat-
ellite radio-controlled wristwatch 1 is equal to or more than
60 degrees north or south latitude may be used. In this case,
the first reception operation is selected when the position of
the satellite radio-controlled wristwatch 1 is less than 60
degrees north or south latitude, and when other conditions are
simultaneously satisfied.

Further, when the satellite radio-controlled wristwatch 1
has a positioning function and includes a positioning unit for
measuring the position of the satellite radio-controlled wrist-
watch 1, the latitude of the position of the satellite radio-
controlled wristwatch 1 can be obtained based on the mea-
surement result by the positioning unit. Alternatively, when
the satellite radio-controlled wristwatch 1 has a world clock
function or the like, and thus includes a position information
reception unit for receiving, from the user, information relat-
ing to the position such as the name of the city, area, or
country in which the satellite radio-controlled wristwatch 1 is
used, the approximate latitude can be obtained based on the
information relating to the position received by the position
information reception unit.

Note that, by further using the orbit information of the
artificial satellite in addition to the information on the posi-
tion of'the satellite radio-controlled wristwatch 1, the satellite
radio-controlled wristwatch 1 may use a condition relating to
the elevation angle of the artificial satellite, which is predicted
based on the position of the satellite radio-controlled wrist-
watch 1. That is, when the satellite radio-controlled wrist-
watch 1 has its own position information, and also has orbit
information of at least one GPS satellite through reception of
the ephemeris or almanac contained in the GPS signal, the
current elevation angle of the GPS satellite can be calculated.
With use of this, for example, the following condition is
conceivable. That is, when there are a predetermined number
(for example, 1) or more of artificial satellites having an
elevation angle of 30 degrees or more, the first reception
operation is allowed, and otherwise the second reception
operation is selected.

Further, conditions relating to the date, the time measuring
mode (reception operation intended only for the time adjust-
ment), the satellite number or whether the number is even or
odd, the positioning mode (reception operation intended for
measurement of the current position), whether or not the
hands are moved by a motor, whether or not the fast-forward
operation is carried out by a motor, and the like may be used.
Note that, in view of the positioning mode, acquisition and
reception of at least three satellite radio waves are necessary
for positioning, which takes a long time. Therefore, it can be
said that increasing the acquisition and tracking time period
does not cause a significant problem.

Note that, the embodiment described above is merely an
example for carrying out the invention, and the present inven-
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tion is not limited to the specific shapes, arrangement, and
configuration described in the embodiment. In particular, the
arrangement, numbers, and designs of various members are
matters to be appropriately designed by the person skilled in
the art as necessary.
The invention claimed is:
1. A satellite radio-controlled wristwatch, comprising:
a satellite radio wave reception unit comprising an antenna
for receiving a satellite radio wave, a high frequency
circuit, and a decoder circuit;
a clock circuit for holding and counting an internal time;
and
a controller for controlling timings of at least:
an activation operation of supplying power to the satel-
lite radio wave reception unit for activation thereof;

an acquisition and tracking operation of acquiring and
tracking a certain satellite radio wave by the satellite
radio wave reception unit; and

a time information acquisition operation of acquiring
time information from the satellite radio wave
received by the satellite radio wave reception unit,

the controller being configured to:

wait for an arrival of an activation time point, which is
inversely calculated by subtracting an acquisition and
tracking time period and an activation time period
from a time information receivable time point that is
predicted based on the internal time, and then start the
activation operation; and

vary the acquisition and tracking time period depending
on a predetermined condition.

2. The satellite radio-controlled wristwatch according to
claim 1, wherein the predetermined condition comprising at
least one selected from the group consisting of whether auto-
matic reception or manual reception is carried out, a position
of a hand, a power supply voltage, whether or not a power
supply is charged, a reception history, whether or not time is
manually adjusted, an attitude of the satellite radio-controlled
wristwatch, movement of the satellite radio-controlled wrist-
watch, illuminance around the satellite radio-controlled
wristwatch, and a position of the satellite radio-controlled
wristwatch.

3. The satellite radio-controlled wristwatch according to
claim 1, wherein the controller selects one of a plurality of
predetermined time periods as the acquisition and tracking
time period depending on the predetermined condition.
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4. The satellite radio-controlled wristwatch according to
claim 3, wherein the controller selects, as the acquisition and
tracking time period, any one of a first acquisition and track-
ing time period and a second acquisition and tracking time
period longer than the first acquisition and tracking time
period.

5. The satellite radio-controlled wristwatch according to
claim 4, further comprising a reception indication member for
indicating at least that a first reception operation is in progress
and a second reception operation is in progress,

wherein the controller causes the reception indication
member to indicate that the first reception operation is in
progress when the first acquisition and tracking time
period is selected as the acquisition and tracking time
period, and

wherein the controller causes the reception indication
member to indicate that the second reception operation
is in progress when the second acquisition and tracking
time period is selected as the acquisition and tracking
time period.

6. The satellite radio-controlled wristwatch according to
claim 4, wherein the controller selects the first acquisition and
tracking time period when a user selects manual reception, a
position of a hand is not overlapped with the antenna in a plan
view, a power supply voltage is equal to or more than a
predetermined threshold voltage, and reception has suc-
ceeded in each of a previous predetermined number of times.

7. The satellite radio-controlled wristwatch according to
claim 1, further comprising:

a positioning unit for measuring a position of the satellite
radio-controlled wristwatch, or a position information
reception unit for receiving information relating to the
position of the satellite radio-controlled wristwatch
from a user,

wherein the predetermined condition comprises a condi-
tion relating to latitude of the position of the satellite
radio-controlled wristwatch.

8. The satellite radio-controlled wristwatch according to
claim 7, wherein the predetermined condition further com-
prises a condition relating to an elevation angle of an artificial
satellite, which is predicted based on the position of the
satellite radio-controlled wristwatch.
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